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STANDARD  ANTIGEN  FOR  NOGUCHI'S  METHOD. 
SUMMARY. 
INTRODUCTION. 
The  mechanism  of  the  W'assermann  reaction  is  still  unsolved. 
We know merely this : that complement in the presence of syphilitic 
antigen  may be rendered  inactive by one  or more substances  in  the 
body  fluids  of  a  syphilitic  or  parasyphilitic  patient.  Our  present 
paper deals with the nature of these antigenic substances. 
Wassermann,  Neisser,  and Bruck discovered that the aqueous ex- 
tract of the liver of a  congenitally syphilitic fetus possessed antigenic 
properties.  Ladislaus  Detre  found  independently,  and  almost  si- 
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multaneously,  a  similar  property  in  the  extracts  prepared  from 
condyloma and other syphilitic tissues.  Subsequent investigations 
of Marie and Levaditi brought out the fact that an aqueous extract 
of a  non-syphilitic liver has a  weaker but similar action. 
A  remarkable  revelation soon  followed through  the  studies  of 
Landsteiner,  MfilIer,  and P6tzl,  and later through  those of Meier 
and  Porges,  who  discovered that  the  antigenic  substances  can be 
extracted~ by means of alcohol from' the human or animal liver or 
heart.  This  finding has  opened up  an  entirely new phase  of the 
doctrine of  the well known phenomenon of complement' fixation, 
and separates the Wassermann reaction from the classicaI examples 
of  the  Bordet-Gengou reaction  due to  specific  antigens  and  anti- 
bodies. 
Additional  studies  by  Levaditi  and  Yamanouclii,  Meier  and 
Bauer,  Fleischrnafin,  Sachs arid' Rondoni,  Noguchi,  Browning and 
McKenzie, Leathes and Fitzgerald, and many others, confirmed and 
extended  the  original  observations  of  Landsteiner,  ~v}filter, and 
P6tzl, and of Porges and Meier.  As the result of these researches, 
the following facts may be considered as established: the Wasser- 
mann reaction can be produced with lecithin, certain phosphatids of 
liver, heart, or kidney; and; in a lesse~r degree, with certain bile salts, 
all of which substarices are extractable'with alcohol.  It is also con- 
tended that the entire alcoholic extract of organs, lecithins, and some 
phosphatids,  do not give as high a  percentage of positive reactions 
in syphilis or metasyphilis as a suitable aqueous extract of syphilitic 
fetal liver.  This seems to indicate that the aqueous extract contains 
something in addition to the lipoids and salts which makes the reac- 
tion  stronger  and  more  specific.  This  assumption,  however,  has 
not been proved. 
It  is  well known~that some specimens of congenitally syphilitic 
fetal livers do not manifest antigenic properties.  One is compelled, 
therefore, to make a  thorough trial before concluding that  an ex- 
tract may be used as antigen. 
In the case of aqueous extracts,  the selection of a  suitable  one 
requires much care.  The same care has not been exercised in select- 
ing alcoholic extracts and lipoids.  In the case of the lipoids,  espe- 
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definite chemical term.  When speaking of lecithin,  one is  accus- 
Iomed to thigk-of it  as  a  chemical and to  overlook its  biological 
~properties.  The same is true of phosphatids.  This chemical inter- 
pretation of  the terms has led many inv~estigators to  rely  on any 
preparation of lecithin or phosphatids of tissues without biological 
discrimination.  A  worker often uses  lecithin because it has been 
recommended by some investigators.  Noguchi, who has been criti- 
~cised for recommending lecithin, has aLvays coupled the term with 
"selected."  For this and other reasons ,he no longer employs the 
term lecithin in designating the aceton-insolubte fraction of tissne 
lipoids. 
In testing lipoids derived ~from beef kidney and .fractionated in 
twenty-one  different  ways  by  Professor  Edward  K.  Dunham, 
one  of  us  (Noguchi)  found  that  only  nine  possessed  antigenic 
properties.  Of  the  nine,  three  were  soluble  in  ace  ton  and 
six (phosphatids) were insoluble.  Only one of the latter was com- 
posed  of  iecithin.  Noguchi  found,  moreover,  on  comparing the 
aceton-insoluble fraction of the blood clot and serum of syphilitic 
and normal persons with the corresponding fractions of syphilitic 
and normal livers, tha~t the antigenic ac6yit~y of the ~ormer was not 
inferior to  that of the latter.  Moreover, .the  aceton-soluble frac- 
tion of the liver and especially,that of the blood coagutum and serum 
possesaed ant!genic properties.  A:fter  studying it's hemo!.ytic and 
anti=complementary properties,  Noguchi advised ,the  exclusive use 
of the aceton-irisoluble fraction instead of the entire unfractionated 
alcoholic  extract,  for  the reason  that  the  aceton-insoluble lipoids 
possess the highest antigenic action and are unaccompanied by other 
undesirable pr@erties.  By eliminating the other constituents (such 
as  neutral  fats,  fatty  acids,  soaps,  and  certain proteid materials) 
contained originally in the alcoholic extract,  Noguchi succeeded in 
avoiding the  non-specific complement fixation  which  occasionally 
occurred in unheated human serum.  Here arose the important ques- 
tion:  What  is the criterion by which one can judge the antigenic 
fitness of the aceton-insoluble fraction ?  Noguchi had met with a 
number of preparations which were unsuitable either on account of 
the total absence or weakness of the antigenic properties or on ac- 
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complementary  substance.  These  irregularities  made  it  necessary 
to  study  analytically a  large  number  of  tissues  with  special  refer- 
ence  to  the  composition  of  the  alcoholic  extract--the  antigenic, 
hemolytic,  and  anticomplementary  properties of different  fractions, 
and  the chemical constitution  of the more  important  ones. 
These  were the problems  which confronted  us  and  they have led 
to  the  work  which  forms  the  basis of the  present  article.  We  be- 
lieved  that  it  was  a  matter  of  great  importance  to  approach  the 
question  experimentally,  for reducing the problem to  a  biochemical 
basis removes  from  the Wassermann  reaction its chief difficulty. 
METHOD  OF  STUDY. 
EXTRACTION  AND  FRACTIONATION. 
The  organ  was  cut  into  very  small pieces,  mixed with  four  volumes  of  95 
per cent.  alcohol and  preserved  in  a  sealed jar.  With  occasional shakings,  it 
was  left  at  room  temperature  for  six to  seven  weeks.  The  alcohol was  then 
passe  d  through filter paper and a  second extract was made by treating the resi- 
due  with  four  volumes  of  absolute alcohol at 37  ° C.  for  four  days, with  daily 
shaking.  The  second  extract  was  collected by  filtration, u~ited-with  the  first 
and  the  whole  was  placed  iI, a  very wide  crystallization dish  and  evaporated 
by means  of  a  current  of air at 37  ° C.  After desiccation the  sticky mass was 
weighed  and  then  treated  repeatedly with  ether  to  separate  the  ether-soluble 
substances.  The ether-insoluble part was weighed and, the ether-soluble portion 
was evaporated and weighed and then dissolved in a small quantity of ether and 
mixed with ten volumes of water-free aceton.  The large amount of precipitate 
formed  was  usually  separated  by  careful  decantation--sometimes,  however, 
filtration through har6ened filter paper was necessary.  The aceton-insoluble pre- 
cipitate  (phosphatids)  was  collected,  freed  from  aceton  by  evaporation,  and 
weighed.  The aceton-solnble fraction  (neutral fats, fatty acids, cholesterin, etc.) 
was  freed from  aceton by evaporation and weighed. 
The various fractions  derived from the tissue may be represented schemati- 
cally as follows : 
Tissue 
I 
Alcoholic extract 
l 
Ether-insoluble fraction  Ether-soluhle  fraction 
I 
Aceton-insoluble fraction  i 
Aceton-soluble fraction. Hideyo  Noguchi and  J.  Bronfenbrenner.  4,7 
The  method  indicated  above  was  considered  sufficiently  accurate  for  our 
purpose,  as  we  intended  to  resort  to  a  more  thorough  analysis  ia  our  next 
undertaking. 
The  solubility in  hot  alcohol  of  the  ether-insoluble  fraction  was  ascertained 
for  a  few specimens.  The  fractions soluble  and insoluble iu hot  alcohol proved 
to  be  soluble  in  water.  The  insoluble  fraction  is  composed  of  certain  protein 
substances  which,  together  with  various  salts,  are  held  in  apparent  solution  in 
the  alcoholic  extract.  The  hot  alcohol-soluble  fraction  is  composed  chiefly  of 
salts of  saturated  and unsaturated  fatty acids  and  of  bile acid  salts. 
The  substances contained in the fractions soluble and insoluble in hot alcohol 
are important sources  of  error  in  complement  fixation tests. 
IODINE  VALUE  AND  ACIDITY. 
The iodine value of the aceton-insoluble fraction of each nndehydrated speci- 
men was determined by the method of  Hfibl.  :For this purpose the light brown- 
ish  mass,  which  had  been under a  layer  of  water-free  aceton  in  a  sealed  tube, 
was  taken  out  of  aceton  and  air-dried  until  the  aceton  evaporated.  This  re- 
~quired about fifteen minutes. 
The  acidity  of  the  aceton-soluble  fraction  was  determined  after  the  aceton 
had been completely  evaporated.  The  oily substance was  weighed out and o.o25 
gin, was  dissolved in Io c.c.  of ethyl alcohol and the amount of N/IoO potassium 
hydroxide  necessary  to  neutralize  I  c.c.  was  determined,  the  indicator,  phenol- 
phthalein, remaining red for one mirmte. 
BIOLOGICAL  PROPERTIES. 
Systematic  and  paralteI  examinations  were  made  to  determine  the  inherent 
hemolytic, the antlcomplelnentary, and the antigenic properties of the fractionated 
fats and lipoids. 
Preparation  of  E~uulsions.--The  emulsions  were  uniformly  0.25  per  cent., 
that is,  0.o25  gm.  of material  was  suspended  in  IO c.c.  of a  0.9 per cent.  sodium 
chloride  solution.  In the  case  of  the  aceton-soluble  fraction,  however,  accurate 
work was impossible, for, in isotonic salt solution  (0.9 per cent. sodium chloride), 
it  proved  exceedingly difficult to  make  a  stable  emulsion  of  this  fraction.  The 
aceton-insoluble  fraction,  however,  easily  emulsified  by  mixing  salt  solutio~ 
with a  concentrated solution of the material in ether or alcohol.  Even when the 
material  was  not  completely  soluble  in  ether  or  alcohol,  a  good  emulsion  was 
obtained  by  adding  salt  solution.  The  emulsions  of  the  latter  were  clear  and 
opalescent.  They  were  usually  neutral  to  litmus  and  remained  '  stable  during 
many months. 
Ether-lnsoluble  Fraction.--The  quantity  of  ether  insoluble material  obtained 
from  different  livers  varied  greatly.  Autotyzed  organs  yielded  the  largest 
amount. 
The biological factors in the ether insoluble fraction were not studied system- 
atically  in  the  experiments  here  reported.  One  of  us  (Noguchi),  however, 
had  already  made  a  special  examination  of  it  and  found  that  the  hot  alcohol- 
insoluble material of this fracti~on sometimes caused, with a  certain human serum, 
a  non-specific fixation  of  complement,  and  that  the  hot  alcohol-soluble fraction 48  Biochemical  Studies ~on  So-Called  Syphilis  Antigen. 
always  exhibited  a  powerful  hemolytic  property.  The  amount  of  the  hot 
alcohol-soluble  fraction  in  'the .ether-lnsoluble  material  varied  greatly,  being 
sometimes  very  small,  sometimes  large. 
Determination  ol the Biological Propertles.--(a)  To  determine  the inherent 
hemolytic  property,  gradually  increasing  fractions  of  i  c.c.  of  the  emulsions 
were put into ~a series of test tubes and 0.9 per cent. sodium chloride solution was 
added  to  bring the contents of  each  tube up  to  I  c.c.  Imo  each tube was  then 
introduced o.I  c.c. o~{ a  IO per cent. suspension of washed human corpuscles.  The 
tubes  were  shaken  and  incubated  at  37  ° .C.  for  two  hours.  The  quantities  of 
emulsion in  the table  are  fQr  complete  hemolysis. 
(b)  To  determine  the  antieomplementary  property,  incr.easing  fractions  of 
i  e.c.  of the emulsions, as above, were placed in, a  series of  tubes, and then into 
each,  one unit of  complement  (fresh guinea pig serum),  usually o.I  cc.  of  a  20 
per  cent.  dilution,  was  introdnced  and  enough  salt  solution was  added  to make 
the  contents  of  each  tube  equal  to  I  c.c.  The  tubes  were  incubated  at  37  ° C. 
for  one  hour in an  air thermostat,  or  for  thirty minutes in a  cor~stant tempera- 
ture  water  bath.  After  incubation,  to  each  tube o.I  c.c.  of  a  IO per cent.  sus- 
pension  of  washed  human  corpuscles  and  one  unit  of  anfihuman  amboceptor 
(rabbit)  were  added.  The mixture,  with  frequent  shakings, was  now i~aenbated 
for  two  hours,  and  the result was r~corded.  The  quantities  of  emulsion given 
in the  table  are  for  complete  inJaibiti0n. 
(e)  To determine the antigenic property, a  mixture of strongly positive syphi- 
litic  sera  from  six  or  more  persons  was  employed.  These  sera  were  usually 
active,  but  sometimes  they  were  inactivated  (i.  e.,  when  anticomplementary). 
It  was  necessary,  first,  to  determine  the  smallest  amount  of  serum  capable  of 
causing  complete  fixation,  that  is,  the  unit  of  syphilitic  antibody.  In  order  to 
do this, it was necessary to have a  .standard antigen emulsion.  This we had, and 
,its strer~gth and quality had been proved in connection with an innumerable num- 
ber  of  positive  as  well  as  non-syphilitic  sera.  In  this  way  we  determined  the 
smallest quantity of syphilitic serum  (antibody-)  that coutd~be  detected  by using 
a  good a-ntigen, and this quantity of the serum was used ~for testing the strength 
of our  different  preparations  of emulsion.  In  our  tests  gradually  increasing 
quantities ,of  the  emulsion vcere measured  into  a  series  of  test tubes,  to which 
were  also  added  one  unit  of  syphilitic  antibody  and  two  units  of  complement, 
that is,  o.I  c.c.  of  a  4o per  cent.  dilution of  fresh gmnea  pig serum.  As  usual, 
the contents of  each tube were made equal to  .I c.c. by adding salt solution.  The 
mixture was incubaied at 37  ° C.  for one hour, and then o.I  c.c.  of  a  Io per cent. 
suspension of washed human corpuscles and two units of antihuman amboceptor 
were added to each tube.  The second incubation was for two hours.  The results 
were  taken  a  few  hours  after  stopping the incubation. 
The  quantities  of  emulsion  recorded  in  the  accompanying  table  are  .those 
which  caused  complete  fixation.  The  largest  amount  of  emulsion  employed 
was  o.  4  c.c.,  and  any  emulsion  which,  in  this  quantity,  failed  to  cause  fixation 
was  regarded  as  possessing no antigenic property. 
MATERIAL  FOR  INVESTIGATIONS. 
Animal  and human  livers  and  animal hearts  and brain,s  were  studied.  The 
total  number  of  all  tissues  investigated  was  eighty-seven.  Animal  livers  were Hideyo  Nog~chi  and  J.  Bronfenbrenner.  49 
obtained fresh in the laboratories of the Rockefeller Institute and placed at once 
in  alcohol  (95  per  cent.).  To  our  collection  Dr.  Dochez,  of  the  Institute, 
kindly added the alcoholic extract  of an auLotyzed dog liver. 
Livers were secured  from the  following animals:  rabbits,  4; guinea pigs,  5; 
a~d  dogs, 4  In addition  to these, brains  were obtained  from eight guinea pigs 
and two  dogs,  and  hearts  from eight  guinea pigs.  On account of t.heir  small- 
ness the brains  and hearfs  of the guinea pigs were extracted together. 
Human  livers  were  secured  through  the  courtesy of  Dr.  James  W.  :Moore, 
Central  Islip  State  H6spital,  New  York;  Dr.  Charles  Rusk,  Manhattan  State 
Hospital,  New  York;  Dr. John A.  Wiseman,  Kings  Park  State  Hospital,  New 
York;  Dr.  :Martha  Wollstein,  Babies'  Hospital,  New  York City;  Dr.  Mortimer 
Warren,  Roosevelt  HospitaI,  New  York  City;  and  Dr.  Benjamin  Schwartz, 
Bellevue  Hospital,  New  York  City.  For  their  kind  coSperation~  we  wish  to 
express  our thanks. 
The  human  livers  were  obtained  from patients  who  had  suffered  with  the 
following:  dementia  paralytica,  16;  dementia  precox,  8;  dementia  senilis,  2; 
manic depressive insanity,  I; senile psychosis, IO; epileptic  psychosis, I; cerebral 
hemorrhage,  I ;  pulmonary tuberculosis,  4;  tubercular  meningitis,  2;  tubercular 
peritonitis,  I;  erysipelas,  2;  acute  peritonitis,  4;  lobar  pneumonia,  3;  broncho- 
pneumonia,  i;  acute  enteritis,  I;  carcinoma venfriculi,  I;  cirrhosis  of liver,  x; 
pulmonary thrombosis,  t ; insufficiency  of mitral  and aortic valves, I; congenital 
heart  malformation;  I;  severe  anemia,  I;  cerebral  abscess,  I;  uremia,  I;  and 
chronic  alcoholism,  I.  Livers  were  also  secured  from  an  undiagnosed psychi- 
atric patient,  from an imbecile,  from a nine months fetus, and from a  premature 
child.  The  total  number of  human  livers  employed in  these  experiments  was 
seventy. 
With  one  exception  all  autopsies  were performed  within  twenty-four hours 
after  death.  In the  exceptional  case  eighty-two hours had elapsed.  The livers 
were  collected  at  autopsy  and  put  immediately  into  four  volumes  of  95  per 
cent. alcohol. 
Our  complete  experimental  protocols  are  given  in  one  general 
table  and  the  results  are  described  in  the  fgllowing  pages.  The 
results  are  further  analyzed  according to certain  special  considera- 
tions,  such  as  the  frequency  and  distribution  of  various  biological 
properties of the  fractionated  tissue extracts,  with  reference  to clin- 
ical  diagnosis,  pathological conditions  of the tissues,  and the  age of 
the patients. 
RESULTS  OF  EXPERIMENTS. 
I.  GENERAL PRESENTATION AND DISCUSSION OF RESULTS, 
In Table I  we have brought together all experimental  data in such 
form  that  one  can  easily  see  the  quantities  of  the  different  frac- 
tions  of  our  tissues  and  their  biological  properties.  It  also  gives 
the  iodine  number  and  acidity  of  some  of  the  fractions  of  each 
specimen, k~ 
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Summarizing  the  results  recorded  in  Table  I,  the  following 
figures for the alcohol-extractable constituents are obtained: 
2,o81 grams of liver (7  ° different specimens from man) yielded: 
(a)  I75.5o grams of substances, equal to 8.4 per cent., which was divided into 
(b)  6o.48  grams  of ether-insoluble  substances,  equal to  2.9 per  cent.,  and 
(c)  I12.87  grams of ether-soluble substances,  equal to 5-4 per cent., of which 
(d)  58.91 grams  were  aceton-insoluble,  equal  to  2.8  l~er  cer~t,  and 
(e)  61.24  grams  were aceton-solubIe,  equal  to 2.9 per  cem. 
363 grams of animal liver  (four rabbits,  five guinea pigs, three 
dogs) yielded : 
(a)  26.65  grams of substances,  equal to 7.3 per cent., which was  divided into 
(b)  9.25  grams of ether-insoluble  s~abstances,  equal to  2.5 per  cent., and 
(c)  17.4o grams  of ether-soluble  substances,  equal to 4.8 per cent.,  of which 
(d)  11.59  grams  were aceton-insoluble,  equal to  3.2  per  cent.,  and 
(e)  6.02  grams  were  aceton-soluble,  equal  io  1.6  per  cent. 
Fluctuations  in the  amounts  of  the  entire extracts  and  also  in  those  of  dif- 
ferent  fractions  were cor~siderable  in  different specimens  of human  livers.  The 
maximum and minimum were as follows: 
Maximum. 
Entire  extract  before  fractionation  I6.o per cent. (No. 64) 
Ether-insoluble  substances  ........  IO.O  per cent. (No. 64) 
Acefon-insoluble  substances  ...... 
Aceton-soluble substances  ......... 
The  extracts  from  animal  livers 
Entire  extract  before  fraetionafion. 
Ether-insoluble  substances  ........ 
Aceton-insolnble  substances  ....... 
Aceton-soluble  substances  .......... 
4.5 per cent. (No. I7) 
8.0 per cent. (No. 67) 
showed  the  following 
Maximum. 
9.o per cent. (No. 74) 
3.oper cent. (No. 74) 
4.o per cent. (No. 79) 
3.0 per cent. (No. 72) 
Minimum. 
4.o per cent. (No. 38) 
o.Sper cent. (No. 2) 
I.O per cent. (No. 64) 
o.Sper cent. (No. 51) 
relations : 
Minimtlm. 
4.8 per cent. (No. 77) 
LTper cent. (No. 73) 
2.oper cent. (No. 77) 
0.8 per cent. (No. 77) 
The  weight  of  substances  extractable  by alcohol  from  different  livers varies 
greatly, the variations being greater in  extracts  from human  than in those  from 
animal  livers.  This  striking  difference  was  probably  due  to  the  fact  that  the 
human  specimens  were  pathological  and,  had  undergone  a  more  pronounced 
alteration after death, the main one, no doubt, being a  rapid autolysis. 
The  ether-insoluble  snbstances  from  human  livers  showed  the  widest  range 
of variation, the minimum per cent. being less tha~ one-twelfth of the maximum. 
In  the case  of  animals  the minimum  per  cent.  of  the  ether-insoluble  substance 
varied  from  the  maximum  by  less  than  one-half. 
The  variation  in  the  amounts  of  the  aceton-insotubte  fraction  was  not  so 
marked  as  in, that  of  the  ether-insoluble  fraction,  the maximum per  cent, being ttideyo  Naguchi and  J.  Bronfenbren~,er.  57 
only four and a half times the minimum.  The liver from a patient who had had 
severe anemia yielded  the  smalles~ aceton-lnsoluble  fraction.  The variation in 
the  aceton-lnsoluble  fraction  of  animal  livers  was  small.  Finally,  the  acet°n- 
soluble  fraction was  seen to vary greatly, especially  in  humar~ livers,  where the 
maximum was ten times the minimum. 
This  great  variation,  according  to  Leathes,  who  studied  the  metabolism of 
fats with special  reference to the liver in  man and animals,  was to be expected. 
It is produced through the transportation  of stored  ~  fats  (adipose)  to the liver, 
in various pathological  conditions,  in order to convert the inert  fats into  active 
fats by desaturation  of double carbon bonds.  Not pathological  conditions  only, 
but physiological  ones  also,  are  capable  of  producing considerable  fluctuations 
in this fraction. 
It is  noteworthy that  the  ether-insoluble  fraction  in~ autotysed  liver  of dog 
83  is  enormously  large  in  comparison  with  the  aceton-insoluble  and  aceton- 
soluble  fraction which  it yielded. 
The aeeton-lnsoluble  fraction obtained from the hearts of guinea pigs is  seeu 
to be quite  large,  amounting to 6 per cent.,  while  the  aceton-soluble  fraction  is 
only 2.8 per  cent.,  although  in  this  percentage is  included  a  certain  amount of 
connective  tissue  fats. 
The brains of guinea pigs and dogs yielded  about 5 to 6 per cent.  of aceton- 
insoluble  fractions and 2 to 3 per cent. of aceton-soluble  ~ractions, while  in, dogs 
and guin~ea pigs the ether-insoluble  fraction in the brain extract reached 2  to 3 
per cent. 
The  point  of  chief  interest  is  the  consideration  of  the  extracts 
from the point of view of their biological behavior.  In Table I  the 
quantities  of  the  aceton-insoluble  and  aceton-soluble  fraction~  of 
each  extract  are  recorded  for  hemolytic,  antic()mplementary,  and 
antigenic  activity.  The  blank  spaces  in  the  three  columns  signify 
that there was no  action when  a  maximum  dose of 0.4 cubic centi- 
meter of each emulsion was used. 
Aceton-solubte  ]~raction.--The  majority of the  emulsions  of the 
aceton-soluble  fraction  were  hemolytic.  Of  seventy  specimens 
fifty-four  (nearly  7 °  per  cent.)  showed  this  activity.  Emulsion 
No.  41  was  the  strongest,  o.oI  cubic  centimeter  causing  complete 
hemolysis.  In  the  case of  the  weakest  emulsion,  0.2 5  cubic  centi- 
meter was required  to bring about complete hemolysis. 
The  hemolytic activity did  not,  as  one might suppose, vary with 
the  acidity  of  the  emulsion.  In spite  of being  acid,  certain  speci- 
mens exerted no hemolytic activity.  The nature of the acid present 
is  very  important,  for  Noguchi  showed  some  years  ago  that  the 
hemolytic  activity  of  unsaturated  fatty  acids  is  nearly  ten  times 
stronger  than  the  normal  or saturated  fatty acids.  It is probable, 58  Biochemical  Studies  on  So-Called  Syphilis  Antigen. 
therefore, that the emulsions that here proved so strongly hemolytic 
contained a relatively large quantity of the unsaturated fatty acids. 
This point, however, requires further study. 
The biological evidence for attributing hemolytic activity in some 
instances to the presence of large  quantities of unsaturated  fatty 
acids is,  to  a  certain extent,  supported by the results  of Leathes, 
who has shown, by testing the iodine value of various liver extracts, 
that the quantities of saturated and unsaturated fatty acids in dif- 
ferent specimens vary greatly. 
In  the  aceton-soluble  fraction,  twenty  extracts  (28  per  cent.) 
showed  anticomplementary properties.  This  activity  was  mani- 
fested by quantities that varied from 0.03 to 0.5 cubic centimeter, the 
usual quantities being o.t to 0.2 cubic centimeter. 
Antigenic Properties.--Of  seventy specimens thirty-four  (about 
5  °  per  cent.)  manifested antigenic,properties.  In  five  specimens 
the antigenic activity was the only one observed.  In the remaining 
ones, however, it was associated with other properties; in six, with 
an anticomplementary action; in sixteen, with a hemolytic property; 
and in seven with both hemolytic and anticomplementary properties. 
It  should be  understood that  those  emulsions which possessed 
either  hemolytic or  anticomplementary properties,  or  both,  were 
examined for their antigenic property in the quantities which were 
too  small  to  manifest  a  hemolytic  or  anticomptementary action. 
The emulsions which were antigenic without the other two proper- 
ties were generally weak; that is, they were active when employed 
in doses of o.15  , 0.2 and 0.  3 cubic centimeter, and were very weak 
when compared with the aceton-insoluble fractions which" will be 
mentioned below. 
The results obtained with the aceton-soluble fraction of animal 
livers are similar to those obtained with the human livers,  except 
that the presence of the anticomplementary property was more fre- 
quent in  the animal specimens.  In examining thirteen livers the 
anticomplementary property was  found in ten  (77 per cent.), the 
hemolytic property in eight (66 per cent.), and the antigenic prop- 
erty in seven  (53  per cent.).  Every emulsion showed either the 
hemolytic  or  the  anticomplementary property,  or  both.  Every 
specimen was acid. Hideyo  Nogtwhi  and  J.  Bronfenbrenner.  59 
The aceton-soluble fractions of the hearts and brains of guinea- 
pigs and dogs were in all respects comparable to those of the animal 
livers just described. 
Aceton-insohtble  Fraction.--In  considering the  results  obtained 
with the aceton-insoluble fraction, one sees that the column for the 
records of the hemolytic property is, with one exception  (No.  4 I) 
quite blank.  In  the  exceptional  case  the  figures  0. 3  cubic  centi- 
meter are recorded.  This means that sixty-nine out of seventy dif- 
ferent emulsions had no hemolytic action when used in the large 
dose of 0.4 cubic centimeter.  Emulsion No.  4I  was hemolytic in 
the dose of 0. 3  cubic centimeter.  In the corresponding column of 
the seventy aceton-solubte fractions, fifty-four (7  °  per cent.)  show 
hemolysis.  The absence of the hemolytic activity is  characteristic 
of the aceton-insoluble fraction, while the presence of this activity 
is ~haracteristie of the aceton-soluble fraction.  In the seventy spec- 
imens  examined,  the  anticomplementary property  was  present  in 
twenty-four (34 per cent.).  It was, therefore, somewhat more fre- 
quently present here than in the aceton-soluble fraction.  The anti- 
complementary property may be  present or  absent  in  the  aceton- 
soluble or in the aceton-insoluble fractions derived  from the same 
liver.  Its presence in one  fraction is,  however, quite independent 
of its presence in the other. 
Concerning the aceton-insoluble fractions,  the following may be 
stated:  the antigenic property was  present in  sixty-six  liver  frac- 
tions  (94  per cent.).  It  was  absent  or extremely weak  in  three 
fatty  livers,  and  in  the  fourth,  from a  case  of  tuberculosis,  the 
extract could not be used on account of its hemolytic activity. 
Of the sixty-six preparations that possessed an antigenic property, 
twenty-four  (34  per  cent.)  had  an  auxiliary  anticomplementary 
action, while forty-two  (60 per cent.)  were entirely devoid of this. 
2.  THE RELATION BETWEEN TI-IE ANTIGENIC AND ANTIC0~CIPLEMEN- 
TARY  PROPERTIES  OF  TI-IE  ACETON-INSOLUBLE  FRACTIONS. 
Table  II  shows  the  anticomplementary property  of  twenty-four  emulsions. 
These  emulsions  can  not  be  recommended  for  the  quantitative  estimation 
of  complement  fixation,  although  some  of  them  could  be  used  for  routine 
diagnosis  for  the  reason  that  the  amount  of  the  extract  necessary  to  ex- 
hibit  the  antigenic  property,  differed sufficiently from  that  which  would  mani- 60  Biochemical  Studies  o~  So-Called  Syphilis  Antigen. 
TABLE  II. 
Antigenic  Anticomp|e- 
titcrs,  raentar  F tlters. 
O.I  c.e. 
0.02 e.c. 
0.2  e.c. 
O.2  C.C. 
0.o3  C.C.  0.4  c.c. 
O,I  C.C. 
O.'r  S  e.c. 
0.04  e.c.  o.2  c.c. 
0.4  c.c. 
0.2  C.C. 
o.5  c,c. 
o.4  e.c. 
of I  Ratio of the anti-  Number 
preparations[  genie to the anti- 
of each  complementary 
group,  titers 
i  x:5 
I:iO 
I:  6.6 
2  t  x:I3,3 
x  I  i:  2.5 
l  l  I:  3-75 
x :8 
Remarks. 
Unsuitable for qumxtitative work. 
Unsuitable for quantitative work. 
Unsuitable for quantitative work. 
Unsuitable for quantitative work. 
Unsuitable. 
Unsuitable. 
Unsuitable for quantitative work. 
Unsuitable for quantitative work. 
Unsuitable. 
Unsuitable for quantitative work. 
Unsuitable  6 
Conditional i8 
24 
lest  a  disturbing  anticomplementary  action.  The  ~[act that  in  the  fixation  test 
~o  units  of  complement  and  of  amhoceptor  are  prescribed,  renders negligible 
the possibility of  an interference by the  anticomplementary property.  The  anti- 
complementary  effect  no  longer  disturbs  when  the  quantity  corresponding  to 
one-third of its titer is tested against one  unit  of complement.  Where the rela- 
tion o~  the  antigenic titer to  the  anticomplementary  titer  is  as  close  as  I : 2.5, 
I : 3-75,  or  I : 4,  the emulsion  should not be employed even for routine work.  It 
may  be  mentioned  that  Wassermann,  and  his  pupils  determined  the  minimum 
quantity  of  liver  extract  in  which  the  antlcomplementary  action  could  be 
detected,  and they recommended the use of half  of this quantity in carrying out 
the Wassermann  reaction. 
This principle, while  safeguarding the reaction from a  non-specific inhibition 
due  to  the  anticomplementary  property,  leaves  the  standard  of  the  antigenic 
strength  of  the  extract  undefined.  The  quantity  they  use  may  contain  one 
antigenic unit, or it may contain several.  If the antigenic unit is determined with 
a  strongly  positive  serum  (e.  g.,  six  antibody  units),  this  unit  is  no  longer 
able  to  detect  weaker  reactions  (e.  g.,  one  or  two  ant~ody  units),  while  it  is 
easy to  do  so if the antigenic unit is adjusted  to  weaker  sera. 
The results obtained with  animal livers agree, in general, with 
those obtained  with human livers.  None of  the  emulsions were 
hemolytic.  On  the  other  hand,  the  anticomplementary property 
was present more frequently.  All except one emulsion  (No.  7  6 ) 
could be  used  for routine diagnostic work.  The  antigenic titers 
were somewhat inferior to those found with the human specimens. 
The autolyzed liver of  dog 8 3,  although having a  high  antigeni£ 
titer, yielded an emulsion free from hemolytic or anticomplementary Hideyo  Noguchi  and  J. Bronfenbre~tner.  61 
properties.  The  emulsion prepared  from  guinea-pig  hearts  pos- 
sessed a  weak anticomplementary and a  strong antigenic property. 
The biological characteristics of the aceton-insoluble fraction of 
dog and guinea-pig brains  were quite different  from those of the 
liver extracts.  While devoid of a  hemolytic property, these emul- 
sions were anticomplementary and possessed a slight antigenic prop- 
erty.  They are,  therefore,  unfit  for use  in the complement fixa- 
tion test. 
The  estimation  of  the  iodine  absorption  in  these  preparations 
seems to  indicate that  there  is  a  certain  relationship between the 
iodine value  and the antigenic activity.  With  few  exceptions all 
preparations with  a  high  antigenic value possessed a  high  ioc~ine 
value, and the preparations without antigenic value gave the lowest 
iodine value.  The brain preparations, which usually had a  higher 
iodine value, did not conform to the above generalization, as  they 
had only  feeble antigenic values.  At present,  no explanation  for 
this  difference can be  given.  It is,  however,  not improbable that 
the unsaturated  carbon bonds  in the brain tipoids  are  situated  in 
different positions from those in the antigenically active lipoids of 
the liver or heart.  Further experimental work, however, is required 
to determine this point. 
3"  THE  ASSOCIATION  BETWEEN  CLINICAL  CONDITIONS  AND  TI-IE 
ANTIGENIC  AND  IODINE  VALUES  OF TI:IE ACETON- 
INSOLUBLE  FRACTIONS. 
In Table IIt the clinical diagnosis  of the patients  from whom the livers were 
obtained  is  shown together with an  estimation  of the comparative frequency  and 
disiribution  of  the  antigenic  and  antieomplementary  properties  in  the  aceton- 
insoluble fractions of these livers.  At the bottom  of the table we have recorded 
the  figures  showing  the  average  iodine values  for  different  antigenic  titers  and 
also the maximum and the minimum for each antigenic tiler. 
4"  TItE  ASSOCIATION OF  PATI:IOLOGICAL  CONDITIONS  OF  TIlE  LIV~ER 
WITH  THE  ANTIGENIC  VALUE  OF  THE  ACETON-INSOLUBLE 
FRACTIONS. 
An  examination  of  Table  IV  does  not  enable  us  to  discover a  definite  rela- 
tion  between  the  antigenic  value  and  the  pathological  con,ditions  of  the  livers, 
except  that  the  fatty  livers in  no  instance  yielded  a  serviceable  extract.  It  is 
probable  that  the  fatty  acid  radicals,  constituting  the  lipoids  of  a  fatty  liver, 
belong chiefly to  the saturated  varieties.  The tow iodine values of  these lipoids 
are  in  favor  of  this  hypothesis. 62  Biochemical  St~td~es on  So-Called  Syphilis  Antigen. 
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5"  THE  ASSOCIATION  BETWEEN  THE  AGE AND  THE  ANTIGENIC  VALUE 
OF  THE  ACETON-INSOLUBLE  FRACTIONS. 
The foregoing analysis seems to show,  in a general way, that the livers from 
individuals under twelve mon,ths of age yield lipoids of a higher antigenic value. 
With this exception no definiie relation between the age and the antigenic power 
could be established.  We suggest, however, that the possibilities of encountering 
pathological conditions leading to fatty degeneration of the liver are greater in 
adults.  From this it would follow that the livers of older people are more likely 
to yield unserviceable lipoid fraction,s.  Here the age is no more than a predispo- 
sition, and not the direct cause.  The determining factor is, therefore, the patho- 
logical condition itself.  The fact is worth  recording that one of us  (Noguchi) 
has on two  occasions observed that,  in spite of its normal appearance, the liver 
of  a  tubercular patient yielded a  fraction which  was  distinctly hemolytic and 
only feebly ar~tigenic. 
STANDARD  ANTIGEN  FOR  NOGUCHI'S  METHOD. 
A  standard antigen for Noguchi's method for the  diagnosis of syphilis may 
be  prepared  as  follows:  as  a  stock  solution make  an  ethereal  or  alcoholic  3 
per  cent.  solution of  an aceton-insoluble fraction of  the  liver or  heart.  From 
this 'an  emulsion is  made by  shaking one  volume of  the  stock  solution with 
nine volumes  of  a  0.9  per  cent.  sodium  chloride  solution.  This  emulsion is 
tested  for  its properties.  If  it  is  hemolytic or  anticomplementary, in the  dose 
of o.4 cubic centimeter, it is unsuitable.  When the emulsion is found to be non- 
hemolytic and non-auticomplementary, it is tested for its antigenic strength.  If 
it produces complete in,  hibition of hemolysis with one unii of syphilitic antibody 
in doses of 0.o2 cubic centimeter or  less,  it is  suitable.  In the fixation test o.x 
cubic centimeter of  such an emulsion is to be used, thus  employing more than 
five times  the  minimal antigen dose.  So  far  as  our  experience goes,  the  use 
of several antigen doses  does not cause a non-speclfic fixation and is not unduly 
sensitive. 
The stock solution of antigen retains its properties for a long time.  A  solu- 
tion prepared over  a  year  ago  has  apparently undergone no change. 
SUMMARY. 
The  liver  tissues  of  man  and  certain  animals  (dogs,  rabbits, 
guinea  pigs,  etc.)  yield,  upon  alcoholic  extraction,  various  sub- 
stances Which may be divided by their physical and chemical prop- 
erties  into several groups.  While  many  substances are  present in 
the  alcoholic  extract,  the  ones  possessing  antigenic properties  are 
comparatively  few.  The  latter  are  responsible  for  the  antigenic 
properties exhibited by the whole alcoholic extract.  The substances 
extracted  with  alcohol  were  fractionated  into  the  following  four 
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(a)  Substa~wes  Insoh~ble in Ether and Hot AlcohoL--These  are 
chiefly proteins  and  salts.  The  proteins  are probably the minute 
particles of larger molecules held in apparent suspension in alcohol 
until all other substances are removed.  The water extracted from 
the tissues and admixed with alcohol is  also an essential  factor in 
extracting these particles in an alcoholic solution.  The salts pres- 
ent are the  usual  physiological constituents  of  the  liver,  notably, 
sodium chloride.  The quantity of these substances extracted with 
alcohol varies greatly with different specimens.  Biologically consid- 
ered, they are neither markedly hemolytic nor anticomplementary and 
possess no antigenic property for the Wassermann reaction.  It is 
important,  however,  to  note  that  the  proteins  bind  complement 
when mixed  with  certain  active  human  sera.  For  this  reason  a 
preparation of antigen containing this group of substances is unsuit- 
able for use in combination with an active serum, and should, there- 
fore, be rejected. 
(b )  Substances Insoh~ble in Ether and Soluble in Hot Alcohol.-- 
This group contains soaps, cleavage products of proteins, and smal~ 
amounts of the bile  salts.  Soaps  and bile  salts  are very strongly 
hemolytic and are absolutely unfit  for use as antigen.  Moreover, 
their  antigenic properties  are very slight.  It  is  best  to  eliminate 
this  group  of  substances  from  the  preparation of  antigen.  The 
quantity of the substances  of this  group  extracted from different 
specimens of tissue is very variable. 
(c)  Substances Soluble  i,n Ether, 'Mlcohol, and Aceton.--In this 
group are found varying amounts of fatty acids, both saturated and 
unsaturated,  some neutral  fats,  cholesterin and  many unidentified 
tipoidal  bodies.  This  group  causes  either hemolysis or  inhibitior~ 
of hemolysis.  In other words,  it  is anticomplementary as well as~ 
hemolytic in  the majority of preparations.  At  the  same time,  in~ 
some preparations  it is, to a  certain extent, antigenic.  This  great 
variation in the amounts of these substances in given extracts ren- 
ders their presence in the antigen preparation undesirable.  It is not- 
denied, however, that, when added in adequate quantities,  some of 
these substances may improve the activity of the antigenic lipoids. 
(d)  Substa~wes  Insoh~ble  h~ Aceton.~This  group of substances 
consists of phosphatids.  The best known among them is, of course, 68  Biochemical  Studies  on  So-Called  Syphilis  Antigen. 
lecithin.  Besides lecithin,  however,  there  must be  various  other 
phosphatids present in this fraction.  It will be noticed that the pre- 
cipitate formed by mixing the ethereal solution with aceton contains 
a  certain amount of lipoids insoluble in ether as well as in alcohol. 
Before the fractionation in aceton, all lipoids were soluble in ether or 
ethyl alcohol.  Further analytical work on the nature of the phos- 
phatids contained in this  fraction is  necessary.  This  fraction,  in 
general,  is more constant in amount in the various liver extracts. 
Biologically considered, it is the most important.  It is usually non- 
hemolytic, frequently anticomplementary, but much more strongly 
antigenic than the other fractions.  The antigenic strength varies 
with different preparations, being almost absent in the extracts de- 
rived  from  fatty  livers.  An  aceton  insoluble  fraction  may  be 
strongly antigenic without any other auxiliary effects, or may be 
accompanied  by  an  anticomplementary property.  This  fraction 
does  not  cause  the  so-called  non-specific reaction  with  an  active 
human serum.  For these reasons it is recommended (as  Noguchi 
has  repeatedly  done  before)  that  the  antigen  should be  selected 
from the aceton-insoluble fractions. 
Iodine  Value in Relation  to Antigenic  Value.--Speaking  gener- 
ally of the aceton-insoluble fraction, a high antigenic value is asso- 
ciated with a  high iodine value of lipoids obtained from the liver 
and heart.  This rule does not, however, apply to the corresponding 
fraction from the brain. 
Standard Antigen.raThe  preparation of a  standard antigen for 
Noguchi's method for the diagnosis of syphilis is given just before 
the summary.  The directions will enable one to make a stock solu- 
tion, from which, at any time, a suitable antigenic emulsion may be 
obtained. 